background: Little is known about post-natal growth in IVF offspring and the effects of rates of early post-natal growth on blood pressure and body fat composition during childhood and adolescence.
Introduction
According to the 'developmental origins of adult disease hypothesis', many adult diseases are thought to be the long-term consequence of programming during early life (Barker, 1995; Bateson et al., 2004) . Exposure to environmental insults at critical windows during various stages of prenatal development may induce structural and functional adaptations. It is well recognized that these adaptations may provide a short-term survival benefit, but eventually lead to an increased risk of chronic diseases, including type 2 diabetes and cardiovascular disease, in later life (Barker, 2004) .
Over the last years, numerous epidemiological studies indicated that the link between impaired prenatal development and cardiovascular morbidity in adult life is substantially modified by early post-natal growth Forsen et al., 1999; Huxley et al., 2000) . Individuals exposed to adverse prenatal conditions seem to be more susceptible to cardiovascular disease and type 2 diabetes if they 'catch-up' in weight during early post-natal life. Associations between rapid early post-natal growth and several cardiovascular risk factors, like blood pressure and fat mass, have also been described in children and adolescents (Ong et al., 2000; Horta et al., 2003; Ekelund et al., 2006) .
Today, reproductive technologies including IVF are used all over the world to treat subfertility. The number of IVF-conceived children is steadily growing with approximately 1-3% of the current births in developed countries being established after IVF (Maher, 2005) . However, concerns that IVF conception may influence prenatal development with long-lasting consequences have been increasingly expressed (Painter and Roseboom, 2006) . Numerous studies have reported increased risks of low birthweight and preterm birth among IVF pregnancies (Helmerhorst et al., 2004; Jackson et al., 2004) . Furthermore, we previously demonstrated that IVF-conceived children and adolescents are at increased risk of higher blood pressure levels and altered body composition (Ceelen et al., 2007 (Ceelen et al., , 2008 . Little is known, however, about post-natal growth among IVF offspring, and the relationships between early post-natal growth and blood pressure and body fat composition are also still elusive.
Therefore, in the present study, we addressed several early postnatal growth parameters of IVF and spontaneously conceived control children from subfertile parents from birth to 4 years of age. Furthermore, we investigated the associations of growth velocity during infancy and/or early childhood in relation to blood pressure and body fat composition in 8-18-year-old IVF children and controls. In line with numerous studies examining the relationship between post-natal growth and blood pressure and body fat, weight gain was used as an early post-natal growth velocity parameter (Ong et al., 2000; Law et al., 2002; Horta et al., 2003; Euser et al., 2005; Hemachandra et al., 2007) .
Subjects and Methods

Study population
This study is part of a follow-up study investigating post-natal growth and development in children and adolescents aged 8-18 years old born from subfertile parents who were either successfully treated with IVF or conceived spontaneously, as described previously (Ceelen et al., 2007 (Ceelen et al., , 2008 . Families with a singleton child born after IVF treatment performed in the VU University medical center (VUmc) in Amsterdam, the Netherlands, were invited by mail to participate in the study. Spontaneously conceived children born from parents who previously visited the Department of Gynecology of the VUmc with fertility problems (i.e. no conception after at least 1 year of frequent unprotected intercourse at the time of their first visit to the fertility clinic) were used as controls. For each participating IVF child, a control child of same gender and similar age (3 month's age difference) was identified. If a matched control child did not want to participate, the control recruitment process was repeated until an appropriate control child was found that did agree to participate. Between March 2003 and March 2006, 69% of the 354 IVF children and 51% of the 454 controls who were approached agreed to participate, resulting in 233 matched IVF-control pairs.
Data collection
Anthropometric measurements of all participating children were obtained during a visit to the VUmc to evaluate their growth and development. Shortly before the hospital visit, a questionnaire was sent to the parents to gather information on various demographic, lifestyle and medical factors including cause of subfertility, parental education level and birthweight and gestational age of the respective child. In addition, parents were asked to bring the original post-natal growth chart of their child to the hospital visit. In the Netherlands, virtually all children undergo regular periodic health examinations by health professionals of the Municipal Health Services during the first years of life. Some parents fulfilled the request to send a copy in case they forgot to bring the growth chart. In total, post-natal growth charts of 394 children were provided by the parents. Postnatal growth data were only used for statistical analysis when the child had been measured more than three times between birth and the age of 4 years. No differences in birthweight or socioeconomic status were found between children with (n ¼ 392 across age groups) versus without (sufficient) post-natal growth data (n ¼ 74). Children without sufficient data were more often born preterm (16 versus 8%, P ¼ 0.04), but these findings were observed in both the IVF and control population. Post-natal growth measurements were expressed as standard deviation score (SDS) using the 1997 Dutch growth standards (Fredriks et al., 2000) .
During the hospital visit at follow-up in the VUmc, blood pressure was measured twice at the non-dominant arm in the sitting position using an automatic device with appropriate cuff size (Dinamap PRO 100, Criticon, Munich, Germany). Skinfold thickness measurements (triceps, biceps, subscapular and supra-iliac) were collected in triplicate by means of a Harpenden caliper. Birthweight, either extracted from VUmc birth certificates (49%) or outpatient clinic reports (38%), or self-reported by the parents (13%), was expressed as SDS to correct for gestational age and gender (Niklasson et al., 1991) . Gestational age was obtained using parental recall. Mean age (+SD) at follow-up of IVF children and controls was 12.2 + 2.6 years. No differences in pubertal stage according to Tanner were found between IVF and control children (prepubertal: 27 versus 29%; postpubertal: 21 versus 18%, respectively) (Tanner and Whitehouse, 1976 ). Twins were not eligible to participate in the study. The study protocol was approved by the ethics committee of the VUmc and by the National Medical Ethics Committee known as the 'Centrale Commissie Mensgebonden Onderzoek' located in The Hague, the Netherlands. All participating children and their parents gave written informed consent.
Statistical analysis
Post-natal growth from shortly after birth up to 4 years of age of IVF children and controls was compared by means of general estimation Early post-natal growth in IVF children equation (GEE) analyses. This regression technique adjusts for dependency of several measurements within one individual and is capable of dealing with missing data (Twisk, 2004) . Post-natal growth of children was also cross-sectionally analyzed at 3 months, at 6 months, at 1 year of age and during the second and third year of life. Weight gain during late infancy (weight SDS at 1 year of age minus weight SDS at 3 months) and during early childhood (weight SDS at 3 years of age minus weight SDS at 1 year) were calculated. In addition to these calculations using the Dutch growth standards, weight gain during early infancy was examined (weight SDS at 3 months minus birthweight SDS). Subsequently, for each of the three periods under examination, weight gain was divided into tertiles of the distribution, as done by Oren et al. (2004) . The lowest, middle and highest tertiles of weight gain were used as measures for slow ('decelerated'), constant and rapid ('exaggerated') growth during early life. Differences in blood pressure and body fat measures (cardiovascular parameters) at follow up between IVF children with exaggerated growth and IVF children with decelerated growth were compared. To disentangle the effects of perinatal outcome and early post-natal growth on these cardiovascular parameters, additional analyses were performed to correct for birthweight, gestational age and body size at follow-up. The square root of height was used as a measure of body size as suggested by Vanitallie et al. (1990) . Similar analyses were performed for the control population. Total sum of skinfolds and sum of peripheral skinfolds were not normally distributed and therefore were logtransformed before analysis. A P-value ,0.05 was considered to be statistically significant.
Results
Growth characteristics of the study population
Birthweight, birthweight SDS and gestational age were significantly lower in children conceived by IVF than in controls (3.2 + 0.6 versus 3.4 + 0.6 kg, P , 0.001; 20.15 + 1.00 versus 0.08 + 1.08, P ¼ 0.025; 38.9 + 2.5 versus 39.5 + 1.8 weeks, P ¼ 0.004, respectively). Likewise, significantly more IVF children were born prematurely, i.e. ,37 weeks of gestation (13 versus 6% in the control group, P ¼ 0.015) and had a low birthweight, i.e. ,2500 g (11 versus 3.5% in the control group, P ¼ 0.004). IVF children had an average of 16 + 4 growth measurements shortly after birth up to the fourth year of life compared with 14 + 4 growth measurements in controls (P ¼ 0.002). GEE analyses revealed significant differences in post-natal growth parameters between IVF and control children during the first months of life (Fig. 1) . Weight SDS and height SDS was significantly lower in IVF children than in controls during the first 6 months of life (0-3 months: weight SDS difference: P ¼ 0.001; height SDS difference: P ¼ 0.039; 3-6 months: weight SDS difference: P ¼ 0.005; height SDS difference: P ¼ 0.028). BMI SDS was significantly lower among IVF children compared with control children during the period shortly after birth and 3 months (P ¼ 0.004).
Comparison of growth measurements at the different crosssectional moments demonstrated significant differences in weight SDS, height SDS and BMI SDS at 3 months, and weight SDS at 6 months of age between IVF and control children (Table I) . Gain in weight, height and BMI during late infancy was significantly higher in IVF children as compared with controls (respectively P , 0.001, P ¼ 0.013 and P ¼ 0.029). No significant differences were found in weight gain during early infancy and weight, height or BMI gain during early childhood between IVF and control children.
Subsequently, we related weight gain during early infancy, late infancy and early childhood to blood pressure levels and skinfold thicknesses measurements at follow-up in IVF and control children (Tables II and III). It was demonstrated that IVF children with rapid weight gain during late infancy did not differ with regard to blood pressure and sum of skinfolds at follow-up from IVF children with slow weight gain during late infancy. In contrast, rapid weight gain among controls in late infancy was associated with significantly increased skinfold thickness compared with controls with slow growth. Furthermore, rapid weight gain during early childhood in IVF children appeared to be related to higher blood pressure levels at follow-up, independently of birthweight, gestational age and height at follow-up, but not in controls. Weight gain during early infancy was not related to blood pressure or skinfold thickness in IVF children and controls. In both IVF and control children, rapid growth during early childhood was related to significantly higher sum of skinfolds at follow-up.
Discussion
This study is the first to examine growth velocity during early postnatal life in relation to cardiovascular risk factors in 8-18-year-old IVF and control children. IVF children had lower birthweight and showed a significantly greater gain in weight SDS, height SDS and BMI SDS during late infancy as compared with controls. Interestingly, exaggerated weight gain during late infancy was associated with increased skinfold thickness at follow-up in controls but not in IVF children. However, rapid weight gain during early childhood was related to higher blood pressure levels at follow-up, independent of birthweight, gestational age and body size at follow-up, among IVF children in contradiction to controls. Early childhood weight gain appeared to correlate with follow-up skinfold thickness in both IVF and control children.
In the present study, weight, height and BMI of IVF children were significantly lower shortly after birth compared with controls. Approximately 6 months after birth, the anthropometric differences observed between the IVF and control newborns were no longer present. Our findings are in line with several other studies during the past years that have addressed post-natal growth of IVF children. Normal weight and height parameters in IVF children ranging from 1 to 13 years were Only one Finnish population-based cohort study reported that growth in IVF singletons was still behind the controls at the age of 3 years despite a catch-up growth during the first year of life (Koivurova et al., 2003) . We hypothesize that the exaggerated growth of IVF children during infancy, specifically observed between 3 and 12 months after birth, is a physiological and compensatory process to promote the restoration of the infants' genetic growth trajectory after a period of prenatal growth restraint due unfavorable environmental conditions. This concept is supported by a recent study examining post-natal changes in body fat measures in infants who previously experienced fetal growth retardation (Beltrand et al., 2009) . Catch-up growth appeared to correlate to the fetal growth pattern itself, irrespective of birthweight, and not to hyperphagia during infancy. Furthermore, growth velocity returned to physiological values when body composition was restored. An alternative explanation could be that the catch-up growth in IVF children during late infancy is primarily dependent upon post-natal # Lowest versus highest tertile after adjustment for birthweight, gestational age, gender, age at follow-up and height at follow-up.
nutritional environment. Adaptations to adverse conditions during early prenatal life may predispose to rapid post-natal weight gain in a more favorable post-natal environment. Furthermore, it should be explored why IVF children seem to catch-up in weight during late infancy and not directly after birth. To our knowledge, it is currently unknown during which phase of prenatal life growth retardation in IVF children is caused and, importantly, which factors are responsible. As longitudinal information on fetal growth is rarely available, for most studies, including ours, birthweight is often the only feasible measure. Nevertheless, it is important to emphasize that environmental stimuli may affect embryonic and/or fetal growth trajectories without an effect on birthweight (Bloomfield et al., 2006) . It remains to be established if parental characteristics, technical aspects of IVF treatment or a combination of these are involved in the induction of these aberrant prenatal growth patterns and subsequent accelerated post-natal growth.
Currently, there is still debate as to whether there are critical time windows during early post-natal life that are important in determining later blood pressure and body composition. Infancy is often hypothesized to represent an important period, because it is a time of extremely rapid growth, particularly for those infants who experienced fetal growth restriction (Belfort et al., 2007) . In the present study, rapid weight gain during late infancy was associated with higher body fat measures in controls. These findings are in accordance with studies linking rapid weight gain during infancy to an increased risk for obesity in childhood and young adulthood (Ong et al., 2000; Stettler et al., 2003) . Several cohort studies demonstrated a positive association between weight gain in the first year of life and later blood pressure (Forsen et al., 1998; Jarvelin et al., 2004) . However, despite the significantly faster growth during late infancy observed among IVF children as compared with controls, weight gain during infancy was not associated with blood pressure or skinfold measurement at ages 8-18 years in IVF children. Our data emphasize that the catch-up growth during infancy is not accompanied by detrimental consequences on blood pressure and body composition during late childhood and adolescence in IVF offspring. IVF children may follow an optimal pathway of healthy catch-up growth during infancy: such pathways have recently been suggested, although they are considered to be rare or narrow, in view of the accumulating body of evidence for detrimental effects of rapid catch-up growth in general (Ong and Loos, 2006; Druet and Ong, 2008) . A recent study supporting this concept showed that rapid weight gain in fetal growth restricted infants promoted the restoration of body size and fat stores without detrimental consequences at 1 year of age on body composition or metabolic profile (Beltrand et al., 2009) . On the other hand, rapid weight gain was not related to blood pressure in our controls, and this lack of association has been reported by others (Law et al., 2002) . Conflicting results regarding the relationship between rapid weight gain in infancy and blood pressure could occur as a result of differences in characteristics of the study subjects or method of analysis (Law et al., 2002) .
Our findings highlight the critical influence of early childhood, rather than infancy, on weight gain in IVF children. Significant associations between childhood weight gain and systolic blood pressure at follow-up were found in IVF children, irrespectively of perinatal outcome and body size at follow-up. Such associations were not found in the control children. Our findings indicate that particularly growth during early childhood programs later systolic blood pressure in IVF offspring. We propose that IVF children could show different types of rapid growth during early post-natal life, with distinct health effects. Different processes may be involved during rapid weight gain in infancy and early childhood. It is important to realize that catch-up growth is not always similar to weight gain (Hindmarsh, 2004; Beltrand et al., 2009) . Catch-up growth indicates weight gain appropriate for height gain, whereas excessive weight gain as such does not necessarily mirror changes in height. This distinction could explain some discordant results on the relationship between growth measurements during early post-natal life and subsequent metabolic risk (Beltrand et al., 2009) . The mechanisms linking early childhood growth to later cardiovascular risk factors are not yet known, and will likely include interactions between antenatal growth restraint, post-natal nutrition and genetic factors (Druet and Ong, 2008) . Further research is necessary to find out whether these aspects could explain the association between rapid weight gain during early childhood and higher blood pressure at age 8-18 years in IVF children, or whether other mechanisms are involved.
One of the strengths of this study lies in the selection of the control children, which were born from parents previously diagnosed with subfertility. To adequately examine post-natal growth and development in IVF children, an appropriate comparison group of children who were conceived without use of assisted reproduction technology was needed. It is generally known that IVF parents differ from the general reproductive population in terms of age, parity and other important characteristics. Specifically, there are several studies indicating that subfertility itself, independent from the mode of conception, is a risk factor for adverse neonatal outcome and pregnancy complications (Basso et al., 2003; Wang et al., 2004; Romundstad et al., 2008) . Studies which compare growth and development of IVF children to spontaneously conceived children from fertile couples should always keep in mind a potential effect of the underlying subfertility in the IVF group (Knoester et al., 2008) . To avoid confounding related to these known differences, comparison with children born to subfertile parents after spontaneous conception was preferred. Our study sample, based on availability of sufficient early growth measurements and follow-up measurements, did not differ regarding birthweight from the larger study cohort. However, there appeared to be a significant difference in the number of children born preterm. This phenomenon was found in both the IVF and the control population. Therefore, it is unlikely that the comparisons performed between IVF and control children in the present study have been confounded, but it might have implications for the generalizability of our findings. Body fat composition differs between prepubertal and postpubertal children, and between boys and girls. One could argue whether the combined analysis of pre-and postpubertal children as well as boys and girls is appropriate. Our previous study (Ceelen et al., 2007) demonstrated that differences in body fat composition between IVF and control children could not be explained by pubertal stage or gender. Therefore, data regarding blood pressure and body fat of children aged 8-18 years were combined in the present study. As previously discussed, it has to be taken into account that especially peripheral adipose tissue was increased in IVF children, although increased risk for cardiovascular health problems has been indicated to be primarily linked to a central body fat deposition (Ceelen et al., 2007) . However, in view of our other findings demonstrating higher blood pressure and fasting glucose levels in IVF children compared with controls (Ceelen et al., 2008) , continued body fat monitoring in IVF offspring is of great importance. Lastly, we might have underestimated the true link between early post-natal growth and cardiovascular risk factors at follow-up among IVF children by correcting for birthweight, gestational age and body size at follow-up. IVF is known to be associated with lower birthweight and shorter gestational age (Helmerhorst et al., 2004; Jackson et al., 2004) , although these factors themselves have been found to relate to early post-natal growth, blood pressure and body fat composition.
In conclusion, late infancy growth velocity of IVF children was significantly higher compared with controls. However, growth during this period has not been associated with an adverse cardiovascular profile at follow-up in IVF children. In contrast, weight gain during early childhood seems to predict cardiovascular risk factors in IVF children. These results suggest that caution in promoting excessive early childhood growth among IVF children is necessary. Preventive health strategies might be useful in the future to moderate early post-natal growth of IVF children by taking into account the possible benefits of early growth, such as improved cognition, as well as the potential harms to cardiovascular and metabolic health. However, as this study is the first to examine the associations of early post-natal growth in relation to blood pressure and body fat composition in IVF and control children, our results first need to be reproduced by other prospective follow-up studies.
